How does our brain give rise to passive or active defensive responses when we are confronted with threats? In a recent study in Cell, Terburg, Scheggia and colleagues (Terburg et al., 2018) show that, in both humans and rats, a pathway originating from the amygdala can help suppress passive responses, thereby facilitating active responses to imminent threats.
In the wild, a sudden encounter with a grizzly bear will likely startle you, causing you to freeze. However, if you are lucky enough to be just a step away from your car, a better choice might be to run into the car and close the door as quickly as you can. But how do we choose, or decide, whether to freeze or to run in such a situation? Extensive studies indicate that the amygdala, an almondshaped structure deep in the brain, plays an essential role in the generation and regulation of different defensive behaviors in face of a threat-including passive responses, such as startle or freezing, and active responses, such as active avoidance or escape (LeDoux et al., 2017) . But how the amygdala ''decides'' to give rise to the signals for passive or active responses in a given situation, like the bear encounter, is only partially understood. Furthermore, much of our knowledge on the workings of the amygdala is derived from studies on animals, especially rodents. It remains unresolved whether the human amygdala works in a manner similar, for example, to that of the amygdala in rats. Now, in a study published in Cell, Terburg, Scheggia and colleagues (Terburg et al., 2018) study the function of the amygdala in both humans and rats and provide evidence that, in response to an imminent threat, the basolateral nucleus of the amygdala (BLA) is required to suppress the expression of passive defensive responses; they also provide evidence that this suppressing effect, which is mediated by BLA interaction with the central nucleus of the amygdala (CeA), likely facilitates or enables the expression of active defensive responses. Specifically, when faced with approaching electric shocks, especially those that require rapid ''escape'' responses (please note that such responses are usually termed ''active avoidance'' responses [LeDoux et al., 2017] , as an ''escape'' response in the Terburg et al., [2018] study would actually allow the humans or rats to avoid being shocked; personal communication with R. Stoop, a senior author of the study), humans with very selective BLA damages caused by a rare genetic disease, the Urbach-Wiethe disease (UWD), show enhanced startle response and increased reactivity in the pons-a brainstem area known to control the startle response-compared with healthy controls. Likewise, rats in which the BLA is chemogenetically inhibited show enhanced startle and freezing responses, and moreover show impaired performance in avoiding the shock compared to intact rats (of note: in order to avoid the shock, which is signaled by a cue, humans need to learn to push a button and rats to shuttle away from the original compartment in a shuttle box in a short time window after the cue is presented) (Terburg et al., 2018) .
Notably, the hyper-reactivity of the pons to threat in the UWD patients is associated with a reduction in threatrelated functional connectivity between the CeA and the pons, suggesting that the CeA does not function optimally in these individuals. These new results from humans and rats (Terburg et al., 2018) , together with previous findings that the CeA can facilitate active defensive responses via its inhibitory interactions with downstream midbrain and brainstem areas (Fadok et al., 2017) and that activation of the CeA inputs originating from the BLA can reduce freezing responses (Tye et al., 2011) -prompted the authors to hypothesize that an important function of the BLA is to activate a CeA inhibitory circuit that, in turn, suppresses the passive responses (e.g., startle and freezing) mediated by midbrain and brainstem areas (Figure 1) . Thus, when the BLA is damaged (in the humans affected by UWD) or inhibited (in the rats), the CeA cannot be effectively recruited to suppress the passive responses, resulting in impaired active avoidance responses to imminent threats.
To address these hypotheses, Terburg and colleagues (Terburg et al., 2018) turned to the oxytocin-receptor-expressing (OTR+) neurons in the lateral division of the CeA (CeL), since previous work from this group indicates that activation of these neurons by oxytocin inhibits freezing (Huber et al., 2005; Viviani et al., 2011) . In an elegant series of experiments, the authors demonstrate that the excitatory synapses onto OTR+ CeL neurons driven by BLA inputs are strengthened in rats that have high performance, but not in those that have low performance in avoiding the imminent threat. Furthermore, infusing the oxytocin receptor agonist TGOT or antagonist OTA locally into the CeA promotes or reduces, respectively, active avoidance behavior. Finally, local infusion of TGOT, which facilitates OTR+ neuron activation (Huber et al., 2005; Viviani et al., 2011) , into the CeA rescues the deficit in active avoidance in rats in which the BLA is chemogenetically inhibited (Terburg et al., 2018) .
The findings that avoidance learning induces potentiation of excitatory synapses onto OTR+ CeL neurons driven by BLA inputs and that these neurons promote avoidance are important ones, as they suggest these neurons contribute to the learning and expression of avoidance behavior. The OTR+ neurons overlap quite extensively with the PKC-d-expressing (PKC-d+) neurons in the mouse CeL (Haubensak et al., 2010 ; Figure 1 ). In line with the behavioral roles of OTR+ CeL neurons, it has been recently shown that PKC-d+ CeL neurons respond to aversive stimuli and cues predicting the aversive stimuli, are required for avoidance learning, and can also drive avoidance responses (Cui et al., 2017; Yu et al., 2017) . Interestingly, classical fear conditioning, in which the animals cannot avoid the shocks, induces potentiation of excitatory synapses onto the somatostatin-expressing (SOM+) CeL neuronsanother major cell type in the CeL (Figure 1 )-a process that is required for learning and expression of conditioned freezing behavior (Li et al., 2013) . Therefore, it is possible that active avoidance learning and classical fear conditioning induces synaptic plasticity in distinct CeL cell populations, with the synaptic potentiation onto OTR+/PKC-d+ neurons being required for active avoidance and the synaptic potentiation onto SOM+ neurons for conditioned freezing, although the role of the synaptic plasticity in the former population remains to be determined.
The findings by Terburg et al., (2018) are consistent with and extend the previous observations in rats that the BLA is required for active avoidance, but they are seemingly inconsistent with the observation that CeA lesions promote active avoidance (LeDoux et al., 2017) . However, it is possible that one of the effects of activating OTR+/PKC-d+ CeL neurons is inhibition of the medial division of the CeA (CeM), an output structure of the CeA, which can result in reduced freezing behavior (Figure 1 ). This effect would be similar to that induced by lesions in the CeA (including the CeM) and could ultimately lead to increased avoidance.
In light of previous findings that the BLA is essential for the formation and storage of cue-stimulus associations, which are required for the learning and expression of active avoidance, and that the BLA-nucleus accumbens (NAc) circuit is required for the expression of such avoidance (LeDoux et al., 2017) (Figure 1) , it is somewhat surprising that activation of OTR+ CeL neurons is sufficient to rescue the impaired avoidance in rats in which the BLA is inhibited (Terburg et al., 2018) . However, when the avoidance response becomes habitual-as is likely to occur in rats trained to perform the shuttle box-based avoidance task-it becomes independent of the BLA (LeDoux et al., 2017) . Therefore, it is possible that competition exists between habitual avoidance and freezing in the BLA-inhibited rats (and normal rats) and that, when freezing is suppressed by activation of OTR+ CeL neurons, avoidance prevails. Alternatively, or additionally, the activation of OTR+/PKC-d+ CeL neurons drive, through their direct or indirect (via the CeM) projections to the midbrain areas (Cui et al., 2017; Yu et al., 2017) , a flight-like reaction rather than a goaldirected or habitual action (Figure 1 ). As such, the BLA may normally promote an apparent avoidance response through multiple avenues, including the BLA-NAc pathway for goal-directed avoidance actions and the BLA-CeA pathway, which either facilitates avoidance (goal-directed or habitual) by suppressing startle and freezing or drives flight reactions (Figure 1) .
The study by Terburg et al. (2018) , together with other recent studies (Cui et al., 2017; Fadok et al., 2017; LeDoux et al., 2017; Tye et al., 2011; Yu et al., 2017) , start to delineate the detailed mechanisms by which the BLA regulates active versus passive defensive behaviors. Importantly, the Terburg et al. (2018) study provides evidence that these mechanisms are at least partly conserved across rodents and humans. Nevertheless, there are new questions that need to be addressed. For example, one important difference between the human and the rat experiments in the Terburg et al. (2018) study is that, in humans with UWD, the BLA damage exists long before training in the avoidance task, whereas in the rats, the BLA inhibition occurs after training in the avoidance task. It is unclear whether pre-training chemogenetic inhibition of the BLA will produce similar behavioral effects-i.e., enhanced freezing and startle-but reduced active avoidance responses to an imminent threat. In addition, the active avoidance task for humans in the Terburg et al. (2018) study was designed to detect changes in startle responses rather than avoidance performance. Given that pre-training lesions of the BLA in rats impairs learning of an active avoidance task (LeDoux et al., 2017) , it will be intriguing to assess whether this group of UWD individuals have, apart from the enhanced startle reactions, reduced performance in avoiding or escaping an imminent threat.
Another question is that although, as mentioned above, avoidance learning induces potentiation of excitatory synapses onto OTR+ CeL neurons (Terburg et al., 2018) , it is unclear whether this synaptic potentiation is required for the establishment of avoidance behavior. Experiments designed to block synaptic plasticity in these neurons (or PKC-d+ CeL neurons) during avoidance learning or expression will likely provide important information. Finally, it is interesting that active avoidance training increases the sensitivity of OTR+ CeL neurons to TGOT and that infusion of OTA into the CeA decreases active avoidance performance (Terburg et al., 2018) . These results suggest that, besides the glutamatergic BLA inputs, the oxytocinergic inputs to the CeA are also actively involved in the learning and expression of avoidance (Figure 1) . Thus, the biology of oxytocin signaling in the CeL in avoidance behavior deserves further study. This new research has certainly opened more than one new ''pathway'' for research on the neurobiology of avoidance.
